Abstract-Two-tier network structure is usually used to lighten the energy consumption in Wireless Multimedia Sensor Networks (WMSNs) for large scale surveillance application. Previous methods for target tracking in two-tier WMSNs mostly focused on reducing energy cost to prolong lifetime of the networks without considering the effect of visual target tracking. This paper presents a collaborative multi-tier nodes strategy for visual target tracking in WMSNs. In the proposed method, the target detection and tracking are carried out by the cooperation of lower-tier scalar sensor nodes and upper-tier camera nodes. Each activated camera node uses an adaptive Gaussian mixture model to extract moving target and Mean Shift algorithm for target tracking. A novel function measuring the value of utility of tracking as well as energy cost is used to select optimal camera node. Experimental results show that the method can effectively achieve tradeoff between performance and energy consumption in real scenes.
I. INTRODUCTION
Wireless Multimedia Sensor Networks (WMSNs) received lots of attention recently due to their potential to be deployed flexibility in various applications to obtain abundant information of the target [1] . Besides the common features of the traditional wireless sensor networks, the main restraint of WMSNs is high energy consumption of the camera nodes for image acquisition, computation, and transmission. For large scale surveillance with battery-powered, in order to lighten the energy consumption, two-tier network structure which consists of scalar sensor nodes and camera nodes was proposed [2] [3] . In this architecture, the lower-tier deployed with scalar sensor nodes perform target or event detection, the upper-tier of camera nodes perform complicate tasks such as target tracking or recognition. The upper-tier nodes can be actuated only when target is detected by scalar sensor nodes to greatly reduce the energy cost and prolonged the lifetime of the networks.
Additionally, the main reasons for requiring nodes collaboration in two-tier WMSNs are as followings:
Nodes collaboration can reduce the work time of the network and homogenize the energy cost of the camera nodes.
According to complicate stage, the collaborative strategy can effectively solve the problems such as occlusion and lost of tracking.
Thus, many collaborative multimedia information processing techniques are proposed in recent years to develop optimal algorithms to flexibly perform in-network processing for distributed target tracking [4] [5]. Compare to single-view camera node, multi-nodes can solve many problems such as restraint of Field of View (FOV) and occlusion from obstacles. However, the main problem is when and which camera nodes to be activated to gain satisfied Quality of Service (QOS) of battery-powered networks. This paper introduces a novel collaborative nodes strategy for effective and efficiency target tracking in two-tier WMSNs.
The rest of the paper is organized as follows: section II introduces the related research recently. Section III describes the proposed method to detect target effectively in two-tier architecture. Section IV discusses the scheme for target tracking. The results of our solution compare to other existing methods are presented in section V. Finally, section VI concludes the paper and presents our future work.
II. RELATED WORKS
Related works on prolonging network lifetime in wireless sensor networks have been previously considered in many papers.
A. Two-tier Architecture Networks
Wusheng Luo, Qin Lu, proposed a collaborative camera node actuation scheme based on two-tier architecture by forming a cluster of the scalar sensors in each sensing region which can be managed by the scalar cluster head [6] . It greatly reduced the work time of the camera nodes, nonetheless, the method focused on the energy consumption of the networks without considering the utility of the visual tracking. Andrea Prati et al. used a two-tier architecture based on PIR sensors and camera nodes to detect the target between an opened door and a moving person [7] . The method can reduced the energy consumption and improve the life time of the networks, the effect of target tracking was not mentioned yet. Vana Jeli et al. present a preliminary study of an energy efficient multimodal WVSN using a main node deciding which camera to trigger based on the information from a PIR network [8] .It significantly reduced time of working of the video sensors, however, the method did not consider the collaboration of the cameras to improve the accuracy of tracking. Ibtissem Boulanouar et al. proposed a low-cost new solution for tracking a mobile target [9] . The scalar sensors are equipped with a motion detector is to detect the target and then activate the camera sensors through message exchanges.
B. Strategies Focused On Energy Cost
Yiying Zhang et al. present a Real-time Dynamic Key Management (RDKM), which can efficiently enhance the network security and survivability in the LEACH-like protocol [10] . But, it's not suitable for two-tier WMSNs with camera nodes. Bo Zeng proposed a simple heuristic algorithm: cooperation-based scheduling which is based on conflict graph [11] . If the node has minimum degree in conflict graph, it will be scheduled preferentially. To reduce the energy consumption and increase the accuracy, Xue Wang et al. introduced a multi-view visual target surveillance system in WSN, which can autonomously implement target classification and tracking with collaborative online learning and localization [12] . However, the computation of the method is huge and not suitable for real time tracking.
C. Collaborative Strategies
By studying the sensing model and deployments of cameras, Wei Li proposed a camera nodes activation scheme for target tracking by measuring the correlations between cameras in WVSN to balance the tradeoff between the accuracy and the resources of networks [13] . However, the method is not considering the energy cost of the networks. Dan Xie presented the design and implementation of a dual-camera sensor network that can be used as a memory assistant tool for assisted living [14] . The tradeoff between recognition accuracy and computational effect by employing a combination of low complexity but less precise color histogram-based image recognition together with more complex image recognition using SIFT descriptors. However, collaboration and the rest of the energy of the camera nodes were not considered. To judge the utility of target tracking, many collaboration algorithms were proposed. Mohammad Alaei et al. [15] present a node selection and scheduling algorithm for monitoring the environment that introduces intra and inter-cluster coordination and collaboration in dense deployments. Liang Liu, Xi Zhang [16] proposed a cooperative target localization algorithm, which is implemented by two phases: the detecting phase and locating phase. Using different scheme to obtain estimating the location of a target while minimizing the energy cost. Peshala V.Pahalavatta [17] formulated the target tracking problem as one of maximizing the information utility subject to a constraint on the average energy consumption in WSN, use unscented Kalman filter to optimize the sensor selection based on the predicted trajectory of the target. Xue Wang, Sheng Wang [18] presents a distributed multi-view tracking system using collaborative signal processing (CSP), a progressive distributed data fusion objective function based on cost and utility of the camera nodes are proposed.
From above investigation, we can see that collaborative nodes strategy with two-tier architecture is a practical method for target tracking in WMSNs of nowadays. The main problem is how to achieve the optimal results including the QOS of visual target tracking and energy cost. Our earlier work presented a cooperative multi-camera target tracking method for wireless camera sensor networks [19] . We proposed an automatic node selection and target tracking in single tier wireless camera sensor networks. Each camera node uses an adaptive Gaussian mixture model to extract moving targets and an UKF to solve target tracking problem. However, the method did not consider the energy state of the camera nodes and the accuracy of tracking can be improved. In this paper, we extend the work by introducing a novel information utility and energy cost function based on mean shift algorithm and applying two-tier architecture for effective target tracking.
III. TARGET DETECTION

A. Common Model of the Nodes
The sensing area of scalar sensor node SN is represented as a round sensing model. The sensing area of a camera sensor node CN is represented as a directional sensing model. 
where SN P represents the probability of the target is detected by SNs and N is the total number of SNs that detect the target. The target can be detected by SNs when it is in its detection range, where D is the circle radius of the detection range.
The number of the scalar sensors nodes is much more than camera nodes. When a target is detected by the SNs, a wake-up message will be sent to the camera nodes which Field of View (FOV) the SNs deployed on. And the activated camera nodes can calculate the coordinates of the target by using image localization equations. Assume the measurements from the N camera nodes are
The relationship between the measurements and the object location is then given by
where v is the measurement error and A is given by 11 22 sin cos sin cos sin cos
The orientations of the cameras with respect to the abscissa are given by  i, i = 1, 2, . . . , N.
B. Architecture of the Network
According to the architecture of the related research, in this paper, we assume the network architecture model as follows.
(1) The network consists of two tiers: tier 1 comprises scalar sensor nodes S = {S1, S2, …, Sm} and tier 2 comprises camera nodes C ={C1, C2, ... , Cn}.
(2) The scalar sensor nodes are uniform deployed on the FOV of camera nodes. The scalar sensor nodes are usually active for target detecting, while the camera nodes usually sleep to save energy and can be waked up when receiving wake-up message from scalar sensor nodes.
(3) Each sensor node in the network has an ID and knows the location of its neighbors' by using localization algorithm. The camera nodes can process image algorithm for target detection and tracking. A single mobile target is expected to cross the region by taking a random trajectory at a time. Every sensor can communicate with the camera nodes in its transmission range. We supposed that all camera nodes are sleep and can only be activated by the scalar nodes which are deployed on their Field of View.
On the initialization stage, the scalar sensor nodes and the camera nodes obtain their information of localization and deployment of the neighbors. Then the upper-tier camera nodes turn to sleep to save energy, at the same time the lower-tier scalar sensor nodes are always awake for target detecting. While a target is detected by the SNs, wake-up message will be sent to the upper-tier camera nodes of which FOV the SNs located. The activated CNs obtained the images of the target and sent the calculated localization message to accordingly SNs to process target localization. Then the two-tier nodes cooperate to track the target using the proposed the utility and cost function and mean shift algorithm. In this paper, we try to construct a surveillance system based on two-tier WMSNs, which can achieve target tracking with constrained energy as well as improving accuracy and robustness. The preprocessing algorithm is the same as our earlier work [19] . However, the algorithm will be introduced in this section for describing the target tracking system. As shown in Figure 4 , the camera nodes are activated by the lower-tier sensor nodes on their FOV and then obtained the image sequence at first. After initializing the model of the background, the target can be extracted using simple background subtraction. By measuring the value of utility and energy cost of the activated nodes, the optimal camera node will be selected to track the target. 
A. Background Initialization and Target Extraction
In our method, to reduce the computational cost, an adaptive Gaussian Mixture Model is applied to model the background of the image sequence. The maximal number of Gaussian mixture components K max is set to 3 to reduce the complexity of computation. The pixel values of the first frame can be used to initialize the mean , it  and the standard deviation 2 , it  is set a relatively high value. After assigning these parameters, pixel value t x is checked against the existing K Gaussian components. The mean and standard deviation of the unmatched Gaussian components remain unchanged. On the contrary, if the Gaussian component matches I, its parameters are updated as follows. Once the foreground region is detected in the frame, the extraction results can be easily attained in the original image frame by subtract the background. An example of target detection with this method is shown in Fig. 4 . From the experiments, the results of target detection are proved to be satisfactory, which means that the method is practically feasible in camera nodes. 
B. Mean Shift Algorithm for Target Tracking
After the extracting target blob, the mean shift algorithm is used to dynamically predict the target position in the next frame. Where () yt is the target position at time t.
The observation model for the target state can be described as 
C. Evaluate Function for Utility and Energy Cost
To address the problem of collaboration of nodes, a measure function based on the result of the target detection and the tracking can be defined to evaluate the sensors' performance and minimum cost for each time.
The main factors are considered as follows. Firstly, the size of the target blob should be an effective indicator of how well the target is detected and extracted. Secondly, the quality of the tracking results can be determined by Si is the number of pixels and of the jth target blob in the FOV of camera node i,  is the normalized parameter of the size of the target blob, which can be dynamically adjusted according to the resolution of camera nodes. It is worthy that the utility value of a camera node increases with the increase of the size of the target blob and Bhattacharyya
. Let S be the subset of camera nodes which enable to detect the target j. For the jth target blob, we will use the cost equation to measure the energy consumption which is shown as follows. 
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The collaboration procedure is summarized as follows:
Step1. Each camera node that received the message from the scalar senor nodes in the FOV will be activated to become the candidate node to detect the target and track the target by using the mean shift algorithm.
Step2. The candidate nodes separately calculate the value of target blob size, Bhattacharyya, rest energy and etc.
Step3. Comparing the , cos
 value of these candidate nodes, the optimal node can be determined which has the maximal value.
Step4. The new camera node continues target tracking and closes the other candidate nodes until the next node collaborative process.
From the contents presented above, the node collaborative strategy addressed in this paper has a light weight communication load and computation complexity because the evaluation of value of function only needs to subscribe to the number of pixels of the target blob and the mean shift algorithm of target tracking as well as energy cost equation. The resolution of the cameras is set at 640*480 pixels and the frame rate is 25 fps. Note that the node selection strategy will be triggered under several conditions: (1) new candidate camera nodes being activate (2) target enters or leaves the FOV of candidate camera node (3) target occlusion which cause the dramatic reduction of function value.
V. EXPERIMENTAL RESULTS
To test the effect of our approach, we simulated a two-tier network with 24 MicaZ Mote equipped with PIR sensor providing circle detection with 5m radius range and 8 Stargate nodes equipped with webcam(15m range and π /3 Angle of view) to monitor a walking person in the 20m × 30 m office area. As shown in figure 6 , 24 scalar sensor nodes were uniformly distributed on the area, while 8 camera nodes are deployed on the top edge to cover the whole field. The protocol of communication is IEEE 802.15.4, average speed of the target is about 1.5m/s and time of simulation is 30s.
A. Energy Cost
According to the energy cost equation (11) to measure the energy consumption, we assume the power consumption of each node is as shown in table 1. To evaluate the performance of the proposed method, we compared our approach with three different methods that described as follows: (a) Single-tier camera network without nodes collaboration for tracking which we called naï ve method. (b) Single-tier with collaboration strategy based only on the utility function and unsent Kalman Filter in our early research [19] . (c) Two-tier architecture with our proposed method as mentioned above. The energy consumption results from 3 sub-areas of different target tracking method by calculating the average of 10 times. The results are shown in figure 6 . From figure 6 , we can see that the energy cost of method (a) is huge because all cameras detected the target are working all the time for target tracking. Method (b) perform nearly 50% energy cost reduction for the less number of the camera nodes. Our strategy (c) reduce about 40% energy cost because the significant reduction of on-time of the camera nodes. The method can significantly reduce the energy cost. 
B. Effect Analysis
In the experiment, we chose 380,441,490 frames of 4 camera nodes (1, 2, 3, 5.) of the networks to test the effective of our method respectively. The results of target tracking are shown as followings.
As illustrated in Section 4, the target blob can be extracted. Besides, each camera node also carries out the position prediction of the person in its FOV. Based on the combination of the utility and energy cost as mentioned in section 4, the function measure of each camera node is calculated, and the optimal camera node is selected to track the person. Figure 7 depicts the target extraction and function measure of camera nodes at three time instants. Due to space constraints, only four of eight camera nodes in the network are present. The original images of four camera nodes at three time instants are respectively shown in the first, third and fifth rows, and the corresponding results of blob extraction and function measure can be seen in the second , fourth and sixth rows. By measuring and calculating, as shown in table2, Node 5 has the greatest function value (0.9785,11236,635) at the frame 380 while Node1 does (0.8756,11774,550) at the frame 441 and (0.8245,8080,541) at frame 490. So, the proposed method will automatically use node 2 to track the target at first, then change to node1 during time two and three, at the same time, turn off other camera nodes to save energy.
C. Tracking Precision
The accuracy of localization of nodes collaborative strategy are evaluated, respectively, using the ground trajectory and the root mean squared error (RMSE) are shown in Figure 8 and Figure 9 respectively. The results are sampled from 300 to 450 frames. We compare the proposed scheme with these schemes, and the comparison is on the basis of results averaged over 10 independent times.
VI. CONCLUSION
In this paper, we proposed a collaborative nodes strategy by balancing the tradeoff between the accuracy of target tracking and energy cost in two-tier WMSNs. We evaluated the proposed strategy by comparing it with several methods. Experiments and simulations show the proposed method can dramatically reduce the energy consumption in the real environment according to other several methods. And the lost tracking and occlusion problem in single-view target tracking can be solved in the proposed collaborative nodes strategy. However, the accuracy of size changing of target tracking can be improved. Work in the future is to design more accurate method of multi-tiers WMSNs with enough flexibility and power efficiency to wide outside area applications. 
